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This report describes eight experiments dealing with 
intentional forgetting. The results of the first experiment indicated 
that not attempting to recall items did not affect appreciably the 
later recall of these items. The second, third, and fourth 
experiments indicated that with blocked intra- serial cuing, the mere 
processing allotted to an item, the more likely it was to be 
remembered. In the fifth, sixth, and seventh experiments, items were 
presented individually^ They were then followed by a blank interval 
of time that could vary, and then the item's instruction appeared. It 
was found that final recognition for remember and forget items was 
positively related to the length of the interval, while final recall 
was not. In th^ eighth experiment it was foiuid that implicit forget 
items were more likely than explicit forget items to be intruded in 
immediate recall, to be recalled during final recall, and to be 
recognized in a final recognition test. (DI) 
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PREFACE 



This final report encompasses eight major studies. They are organ- 
ized chronologically and topically, and are presented in a series of 
four papers. Each paper has its own introduction, method, result, and 
discussion section. Tables and figures within each paper are numbered 
consecutively. All references that have been cited are presented once 
at the end of the fourth paper. 

In the first paper an experiment in reported i^lch deals with the 
role of attempted recall of forget items and the later effect upon reten- 
tion of these items. The second paper presents three experiments using 
blocked intra-serlal cuing. The third paper also presents three experi- 
ments all attempting to manipulate the level of processing given to forget 
items. Finally, the fourth paper compares tvo intentional forgetting 
paradigms. 

A number of students have worked tmder the auspices of this grant 
and deserve acknowledgment for their work. They Include Robert Jongeward, 
Karen Seebohm, Denise Cortis, Patricia Tirone aud Richard Phelps* All 
have profited tremendously tram their work. 

The first paper has already been accepted for publication by the 
Journal of Experimental Psychology. Parts of the second paper were pres- 
ented at the Eastern PsyAological Association !<eetings in Boston in 1972. 
Parts of the third paper will be presented at the Eastern Psychological 
Association Meetioigs in Washlngtou this spring, vhile the fourth paper 
will be presented at the Midwestern Psychological Association Meetings in 
Chicago this year. 



ABSTRACT 



Eight experiments dealing with intentional forgetting vere coinpleted 
during the period of the grant. Ezperioent I, "Ibe Directed Forgetting 
of Individiial Words in Free Recall** , sought to define the role of recall 
and non-recall iQ>on subsequent reaeniberlng of renember and forget items. 
The results indicated that not attempting to recall remember items did 
not affect appreciably the later recall of these items. Furthermore, 
attempting to recall forget items Imiedlate]^ did not affect later recall** 
ability. 

Experiments II - IV, **LeTel of Processing in Directed Forgetting**, 
departed from item-by-item cuing and Instead used blocked intra-serial 
cuing. Such a procedure alloved the level of processing to be indirectly 
manipulated. The results of these experiments Indicated that the more 
processing allotted to an item, the more likely it vas to be remesibered. 
Items closest in time to either recall or foi^^ instructions vere most 
likely not to be retained over the course of the experiment. 

Experiments V ^ VII, **Direeted Forgetting and Degree of Rehearsal in 
Free Recall**, also dealt vlth rehearsal or processing of items but with 
a slightly different paradigm. Items vere presented individually, vere 
followed by a blank interval of time that could vary and then the item's 
instruction appeared. Recall of remember and forget items vas examined 
as a function of this delay interval. The results of these experimrats 
suggested in rather strong fashion that Ss vould not invest any rehearsal 
into an item until its instruction vas seen. When Ss vere asked to re* 
produce the item (Experimmt VII) after the interval, final recognition 
for remember and forget items vas positively related to the length of the 
interval, ybile final recall was not. 

Experiment VIII, **a%e Effect of Implicit and Explicit Instructions 
to Forget in A Directed Forgetting Paradigm**, incorporated implicit and 
ej^licit instructions to forget vithin the same list structure. Since 
both paradigmatic procedures have been labeled exaqples of directed for- 
getting, it vas the intent of this study to examine the fate of items 
folloved by in^licit forget instructions as opposed to the fate of items 
followed by explicit forget instructions. The results indicated vast dif- 
ferences betveen implicit and explicit forget items. Implicit forget items 
vere far more likely to be intruded in immediate recall, recalled during 
final recall, and recognized in a final recognition test. 
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THE DIRECTED FORGETTING OF INDIVIDUAL WORDS 



IN FREE RECALL 



Recently 9 Woodward and BJork (1971) introduced a paradigm designed 
to study hov Ss remeipber some items in a free recall list and forget 
others. The paradigm involves cuing Ss to remember or to forget each 
item in the list in turn. To a remarkable extent , Ss are able both to 
recall the to--be--remembered words (R-words) and to avoid recalling the 
to-l>e^forgotten words (F-words.) From Woodward and BJork* s data, how- 
ever, it is not possible to state conclusively lAether the non--recall 
of F-words is attributable to their not being retrievable during recall 
or to their being actively siippressed. 

The design of the Woodward and BJork experiments included a deli^eu 
rc'Call test at the end of the experiment during which Ss were encouraged 
tc recall any word they could remeoiber independent of tiie Initial cuing 
of -Che word wiien it was presented. The delayed recall of F-words was 
very poor both relative to the delayed recall of R-words and in absolute 
terms. This finding was interpreted as evidence that the initial non- 
recall of F-words was not attributable to active siqppression, in ^A^Leh 
case there should have been a sizable recovery in their recall on the 
final test. One problem with this interpretation is that the inmedlate 
recall of R-^rds might have contributed substantially to the likelihood 
that R-words were again recalled on the delayed test. Thus, the very 
large difference between the final recall of R-words and F--words might 
be due to their Immediate recall and non-recall, respectively, rather 
than to their initial cuing. 

Davis and Okada (l97l) modified the Woodward and BJork design to 
include an immediate test of the recall of F-words. Without forewarning, 
they asked Ss to recall all words, both R-words and F-'Words, from the 
last of a series of three 61»«word lists. Davis and Okada found very 
poor immediate recall of F^^words; in fact, in terms of average number of 
F*words recalled, there was an increase of less than one word over the 
number of F*words intruded in the recall of any one of the preceding lists. 

Davis and Okada *s results si^port the notion that low F-item recall 
is not due to active siqtpi^ession of F-items, otherwise many more F-items 
would have been recalled on their immediate recall test; nevertheless, 
problems exist with their procedure. It is possible that the unexpected 
instruction to recall everything following the presentation of a last 
list is a disruptive event. The instruction comes as a surprise, it takes 
time, and it violates idiat Ss are told at the beginning of the experiment. 
Thus, such an instruction m^r disrupt Ss' recall atteinpts and lead to Im- 
paired performance. That such a disruption may occur is stqypofted by an 
examination of the results of a free-recall experiment by Bruce and Papay 
(1970.) When they une^q^ectedly asked Ss to recall all the words in a 
last list, that is, to recall both the^P-words preceding a forget signal 
in the list and the Rewords following the signal, the serial position 
curve th^ obtained shows a clearcut disnq?tion of the typical recency 



effect in the recall of the R-4ford8. Anothmr possible problem vlth a 
siirprise test of F-ltem recall following the last list of an experiment 
is that recall performance on the last list, due to practice effects, 
proactive interference, or vhatever, may not be characteristic of recall 
performance on other lists during the experiment. (For a discussion of 
the various procedures of testing F-items, see Bjork, 1972.) 

Beitman, >telin, BJork, and Hlgman (l97l) devised a procedure that 
overcomes the objections that can be levelled at surprise tests such as 
the one used by Davis and Qkada as veil as the problems inherent in the 
kind of final test used by ffoodvard and BJork to test Ss' meaory for all 
items presented during an experimental session. The procedure involves 
forewarning Ss that one or more tests of F-items will occur during the 
experiment, that such tests will be indicated by a special signal, that 
they will be infrequent , and that the clearly best strategy is to forget 
F-items and to remember R-items. There are several advantages of the 
Reitman et al. procedure. A test of F-item recall can be inserted at 
any point during the experimental session and more than one such test 
can be included. Such tests do not come as a surprise, and to the degree 
that performance on the normal trials is comparable to performance when 
there are no tests of F-items, one has evidence that SjS are consistently 
trying to forget F-items and remember R-items. 

The present experiment was designed both to provide a better esti- 
mate of Ss* memory for F-words Inmiedlately following the ^s^tatloh of 
a list, and to assess the effect of the Ivedlate recall of R-words on 
the subsequent recall of those words at the end of the experiment. Sub- 
jects were presented seven lists of 2h words. In all of the lists, Ss 
were cued irtiether to remember or to forget each word in turn; 12 words 
were forget-cued and 12 words were remeflaber-cued in an intendxed fashion. 
In order to assess Ss' iswdlate memory for F-words, one of the seven 
lists was followed by a i»rearran|^ signal to Ss to recall all the words 
in the list independent of the cuing during the list. In order to assess 
the influence of Ivedlate recall on the final recall at the end of the 
experiment, three of the lists were followed by a 30-sec. dlgit-sbadowlng 
task rather than a 30*se& recall period. Thus, contrasting the final re- 
call of words in lists followed by digit shadowing with the final recall 
of words in lists followed by an Immediate recall test provides a measure 
of the extent to which final recall is facilitated by Inedlate recall. 



Method 



Subjects 

The Ss were hO undergraduates at the University of Michigan. Thef 
were paid $1.00 plus any bonuses that accrued from the payoff system em- 
ployed in the experiment. 

Materials and Apparatus 

Every £ viewed seven-2li*word lists constructed of unrelated eomoKm 
four-letter nouns. The lUts were shown on a hlgh-*speed (change time 
less than .05 sec) memory dnrni. Ihe words» the cues to remember or forget. 
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the Instructions to recall 6r get ready for the next trial 9 and the 
dibits to be shadowed all appeared in the sane window. liie timing of 
advances of the memory drum was controlled by a high--speed paper-tape 
reader reading a prepunched tape. 

Design 

After each successive word in a list, a colored (red or green) dot 
appeared as a cue to the S whether to forget or remember the item. Fbr 
half the Ss a green dot meant remember and a red dot meant forget, and 
for the other half of the Sa the meaning of the colored dots was reversed. 
Each word was shown for 2,3 sec, and each cue was shown for 1 sec. 

Three of the seven lists were followed by a 30 sec. recall period, 
three by a 30 sec. period in which digits were shadowed, and one list 
was followed by a special recall period during which Ss attenqpted to re- 
call all list items independent of how they were cued in the list. The 
special recall list was always the fourth list aeen. The remaining re- 
call and shadow lists were randomly arranged together. Suitable counter- 
b«tlancing techniques insured that, across Ss, all lists except the special 
list served in both the recall and shadow conditions^ In addition, there 
were two different orders of presentation of the words in any one list. 
Finally, every quarter of each list ccmtalned three R-words and three 
words. 

Procedure 

Subjects were run individually. Every was read a set of Instruct- 
tions and was shown two practice lists of 12 ncmsense syllables. One 
practice list was followed by a recall period, the other by digit shadow-- 
Ing. After presentation of both practice lists, Ss were informed that a 
payoff system would be in effect during the experiment; they would receive 
a 1^ reward for each R-word recalled during the Iniediate recall of a list, 
and they would lose 1^ for each F-word recalled (intruded). Subjects were 
also told at this time of the special list; they were instructed that dur-- 
ing the experiment a special list would occur, that they were to recall 
all words ffom that list, that the original payoff matrix would be sus-- 
pended for the special list, and that they would receive 14 for any word 
recalled troa that list irtiether or not the word was an R-word or F--word. 
The recall signal that designated the special list was the word "recall*^ 
highlighted in blue; all other recall signals were colored yellow. Finally, 
Ss were urged not to anticipate the occurrence of the special list, and 
they were told that the best strategy was to try always to forget F-items 
and remember R-items. 

Each of the seven lists was preceded by a three-sec« ready signal. 
When digit shadowing followed a list, 13 ei^-dlglt nusibers appeared 
one by one at a 2.3 sec. rate. Subjects wrote down words they remembered 
on response sheets, one sheet per list, and after Ss had been presented 
all lists and had either shadowed digits or recalled list items, there 
was a phony debriefing period of two minutes following which Ss were 
asked, without having been forewarned, to recall all words thqr could re- 
member from any of the lists thi&y had seen. Subjects were informed at 
the time of the final recall that, they would receive a 14 bonus for any 
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word they recalled. Independent of the initial cuing of the vord. When 
the Ss could recall no more vords, they were asked to circle any words 
among those they had recalled that they thought were F-vords. 



Results 



Table 1 presents the imnediate and final recall probabilities for 
R-words and F-words as a function of list type and «r* In im- 

mediate recall, Ss were proficient both at recalll ^ ^ (nearly 60 
percent) and avording the recall of F-words (less . d percent.) In 
response to the special recall instruction inmedlately following the 
fourth list, Ss were able to recall only about 5 percent of the F-words 
in the list. Thus, even when Ss were trying to recall F-words Immediately 
and were rewarded for doing so, the average S^ was able to recall less 
than one of the F-words in the list. It appears that active s\q;>pression 
plays a negligible role in the immediate non-recall of F-words. 

Several aspects of the final recall data merit comment. First, it 
is clear that the advantage of R-words over F-words in final recall is 
not attributable to their having a higher likelihood of being recalled 
immediately. The ratio of the final recall of R-^ords to the final re- 
call of F-words is 6.6 (•2W*036) for IR lists and 6*7 (.175/.026) for 
NIR lists. Second, the final recall of both R-words and F-wcrds from 
the special list conresponds exactly to the final recall of R-*words and 
F-words from the other IR lists (.. 0 versus *a40y and .036 versus .035*) 
Finally, there is a list recency effect iu the final recall of R-words 
across the seven lists, and the anticipation of such an effect was one • 
motivation tor having the special list always be the middle list of the 
seven lists presented. 

In Figure 1 the probability of recall of R-words and F-words is 
shown as a function of time of recall (immediate in the lower panel; 
final in the iqiper panel,) serial position, and type of list. The nota- 
tion IR(S) denotes the special list; that is, the list followed by a 
signal to recall all words In the list. The immediate recall of R-words 
from IR and IR(B) lists is very similar across serial positions, with the 
possible exception of positions 21-2lf. The immediate recall of F-words 
from IR and IR(S) lists is remarkably similar, especially in view of the 
fact that, from the Ss^ standpoint, F-words recalled from IR lists are 
penalized intrusions""and F-words recalled from the IR(S) list are in re- 
sponse to an instruction to recall such words and cure rewarded. Only 
for F-words presented in positions 23 and 2\ is the recall of ?-words 
from the IR(S) list appreciable. The 20 percent likelihood of recalling 
F-wurds presented in those two positions probably represents retrieval 
from short-tem memory and the Ss* efforts to retrieve F-words from 
short-term store may account for their less efficient retrieval of R- 
words presented at the end of the IR(S) list. 

The final recall of R-words and F-words from IR and IR(S) lists was 
so indistinguishable that they are plotted together in Figure 1. Com- 
pared to the final recall of R-words and F-words ftrom NIR lists, the 
final recall of IR and IR(S) lists Is somewhat 8\q>erior, but there appears 



TABLE 1 

Inmedlate and Final Recall Probabilities 



Lie. to aiiv 








List 


Number 








Item Type 


1 


2 


3 


U* 


5 


6 


7 


Ave (1-3.5-7) 


Immediate Recall 


IR lists 
R-word 


.6U2 


.U79 


.55U 


.512 


.5ir 


.588 


.567 




P-word 


.025 


.021 


.017 


.050 


.017 


.00l» 


.013 


.016 


" Pinal Recall 


IR lists 
R-word 


.170 


.100 


.13l» 


.2U0 


.188 


.350 


.500 


.2U0 


F-word 


.038 


.090 


.033 


.035 


.025 


.Ofi5 


.01)6 


.036 


NIR lists 
R-«ord 


.112 


.100 


.15U 




.176 


.208 


.300 


•ili 


F-word 


.0U2 


.017 


.017 




.0U6 


.013 


.021 


.026 



Note - The notation IR denotes lists followed by an imnedlate recall, and NIR 
denotes lists followed by digit shadowing rather than an immediate re-- 
call. ^The foiarth list was always followed by a signal instructing Ss 
to recall all list items » t>oth R-words and F-words. 
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to be no clearcut interaction vith serial position. 

It is vorth pointing out that the two procedural innovations in the 
present study, that is, preinstructing Ss that there would be one immed- 
iate test of F-item recall and rarylng whether a list was followed by an 
immediate recall or digit shadowing, did not appear to influence the basic 
levels of R-word and F«*word recall in comparison to Woodward and BJork*s 
(1971) Initial results. For comparable lists, that is, those followed 
by an inmediate attempt to recall R--words, the immediate and final recall 
probabilities are .502 versus .558 and .233 versus .2k0 for R-words, re-- 
spectively, and .019 versus .016 and .0^7 versus .036 for F-words, respec- 
tively. 



Discussion 



Two questions prompted the current study, and the results answer 
those questions in an unambiguous we^. First, the non-recall of F-words 
appears not to be explainable as arising from active sixppression. The 
very poor performance on an attempted immediate recall of F-words in our 
study combined with the same result in Davis and Okada*s (1971) study 
rule out active siQyprension as an Important factor in the non-recall of 
F-words. Second, the superiority of final R«^rd recall over final F- 
word recall appears not to be attributable to the greater frequency with 
which R-words are recalled imaediately. The final recall of R-words and 
F-words from lists that were not followed by an Immediate recall reveals 
the same relative advantage of R-words over F-words as is shown in the 
final recall of words from lists that were followed by an immediate re- 
call • These two results together argue that differences in Inoiedlate 
and final recall of R-words and F-words axlse from differential process- 
ing during list presentation, rather than ftom differential editing of 
retrieval or output 01 from differential facilitation of delayed recall 
owing to differential frequency of Imedlate recall. 



If Not Suppression t Then What? 

The results of the present study taken together with the results ob- 
tained by Woodward and BJork and Davis and Okada argue convincingly 
against suppression as the mechanslm that underlies the non-recall of F- 
words. It is worth noting that two different suppression mechanisms are 
ruled out: Subjects might retrieve F-words during tests of Immediate re- 
call, but reject them because they are tagged as F-words, or they might 
suppress retrieval from the entire set of F«-words in memory. The latter 
kind of suppression might occur if F-words were retrievable firom memory, 
but were functionally segregated f^^ R-words in memory by virtue of the 
differential rehearsal and Interassodatlon 8s devote to R-words. In any 
case, the negligible tamediate recall of F-words trtien Ss are trying to do 
so is evidence against any brand of output suppression. 

A relatively simple and straightforward possibility is that F-words 
do not exist in memory at the time of an lanedlate recall. Although the 
procedure forces Ss to read every word as it is presented because the cue 
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to remember or forget is not presented until after the offset of each 
word, F-vords may be lost from memory at a rapid rate characteristic of 
unrehearsed items. The vexy fev F-vords Sb are able to recall inmediately 
may consist entirely of (a) vords mis-encoded as R-vords, (b) words that 
have a strong idiosyncratic significance for a particular S^, or (c ) vords 
still retrievable from short-term memory because they were presented in 
the last serial position or tvo in the list. 

The possibility that F-items do not exist in memory has been com- 
pletely discredited in other directed-forgetting paradigms for the very 
good reason that certain kinds of recognition and recall tests provide 
ample evidence that F-items exist in memory (for a review of the evi- 
dence » see BJork, 1972). In the present experimental context, however , 
which involves item-by-item cuing rather than the cuing of sets or blocks 
of items, pairt of the non-recall of F-words may be attributable to their 
simply not existing in memory. In the case where Ss are cued only after 
a block of items that they are to forget these items, they are forced to 
rehearse and interassociate F-items to a much greater extent than they 
are in the present procedure. 

That the loss-fromnnemory explanation of the non-recall of F-items 
may be part, but not all, of the answer is suggested by some results 
from the Woodward and BJork and Davis and Okada experiments. Davis and 
Okada included in their design a recognition test for R-words and F-words. 
They found the recognition of F-words to be clearly inferior to the rec- 
ognition of R-words, a result that siqiports the possibility that F-words 
are lost from memory to some extent, but they also found the recognition 
of F-words to be very much higher than the false-alarm recognitions of 
words never presented, a result ttat clearly implies F-words are not com- 
pletely lof.t from memory. Woodwatd and BJork found, using categorized 
lists, that the recall of a given F-word was facilitated if R-words from 
the same semantic category were presented in the list, hut, again, F-word 
perfonoance was clearly inferior in all cases to R-word performance. 

The most plausible explanation, in our opinion, is the following: 
During the presentation of a list, Ss rehearse and interassociate R-words 
to the extent that the presentation sequence provides time to do so; they 
try to avoid any rehearsal or interassoclatlon of F-words. This differ- 
ential treatment of R-words and F-words results in R-words being grouped 
as a set in memory distinct from F-words and words never presented. 
Whether a word exists in long-term memory, as measured by a recognition 
test, depends on its receiving a certain minimal amount of irehearsalf 
Some F-words are rehearsed that much, some are not; nearly all R-words 
are rehearsed more than the minimum necessary to siqppox^ their recogni- 
tion. Retrieval trcm long-term memory, as measured by a recall test, is 
almost entirely a function of Interassoclatlon. Thus, R-words are re- 
trievable to the extent that they are Interrelated in memory; F-words 
are typically not retrievable unless an experimental manipulation or Idio- 
syncratic happenstance leads to interassociations or associations vlth 
R-words. 



LEVEL OF PROCESSING IN DIRECTED FORGETTING 



Upon seeing an item in a memory task, the typical S begins some 
form of rehearsal. The item, according to various two- store theorists 
(Atkinson & Shiffrin, 1968), will reside in the short-term store tem- 
porarily, will accrue rehearsal time, if it is a member of the set of 
items currently in the rehearsal buffer, and, with some probability, de- 
pending upon the time spent in the ST3, will be transferred successfully 
to long-term store. Other memory theorists (Craik & Lockhart 1972), \Axo 
vish to move avay from store notions of memory, talk in terms of level 
of processing. Processing is viewed as a continuam from light or super- 
ficial to d^ep. Presumably, the deeper the processing the more likely 
the item is recalled. 

In any case, it appecurs that the intentional forgetting paradigm is 
an ideal vehicle to study either time spent in the short-term store or 
the level of processing. 

Past results indicate that Ss invest only the barest minlmxm of re- 
hearsal to items which may be followed by a forget instruction and, if 
an item is followed inoiediately by a forget instruction, further rehearsal 
or processing stops altogether. Some way is needed, however, to manipu- 
late rehearsal activity prior to the instruction. Efforts to do this, 
to "coerce" Ss into rehearsing items that may later be followed by a for- 
get instruction have not been entirely successful. (See Woodward & Bjork 
1971) Such attempts have used item-T?y-item cuing and various delay in- 
tervals interposed between the item and it^;: instruction. Viewing rehearsal 
then, or processing, as a continuam, the problem seems to be one of de- 
veloping a procedure which will allow us to manipulate the amount of re- 
hearsal along this continuam before either a remember or forget instruction 
will appear. It seemed that one way to do this was to move from item-by- 
item cuing to blocked intra-serial c\ilng much like Bruce and Papayas pro- 
cedAure (l97l). 

In the first. cx:^riment to be reported, Ss saw list of items numbering 
either 2, 1|, 8, or 12, then either a recall instruction (recall the items 
you Just saw) or a forget instruction (forget the items you Just saw). 
Following each forget instruction were twelve additional items for subse- 
quent recall. We expected that items closest in time to the forget in- 
struction would most likely not be recalled in the final recall test nor 
intruded in the immediate recall test. Items nearest in time to the re- 
call instruction were expected to be recalled, at least immediately with 
higher recall probability, than items farther away from the instruction. 



Method 



Subjects . Sixty Ss, drawn from the Ibii varsity of Michigan sunroer subject 
pool, participated in this experiment. They were paid $1.00 plus any 
bonuses that accrued from the payoff system employed in the experiment. 
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Materials and Apparatus , Every viewed nine variable length word lists. 
The words were all common four-letter nouns. After each list there was 
a recall period and, after all nine lists were presented and recalled, 
18 Ss were given a final recognition test, and k2 Ss were presented with 
both a final recall test followed by a final recognition test. 

The apparatus was a high-speed (change time less than .05 sec.) mem- 
ory drum. The words, the cues to forget or remember, and the Instinic- 
tlons to recall or get ready for the next trial all appeared In the same 
window. The timing of advances of the memory drum was controlled by a 
high-speed paper tape reader reading a pre-punched tape. 

Design . Nine lists were presented Individually to the Ss. The exact 
nature of the lists was the main Independent variable o? the experiment. 
Lists were 2, U, 8, or 12 items long and were followed by either a recall 
instruction or a forget instruction. In the latter case, 12 additional 
items were seen followed by a recall signal. A ninth list was used for 
control purposes. It began with a forget instruction, was followed by 
12 items and then a recall signal. We reasoned that Ss might not fully 
process items until a forget signal had been seen. Therefore, differ- 
ences favoring the control list over the 12 item remember list would in- 
dicate less efficient processing on the part of the Ss. The implication, 
then, might be that reaember items differed from forget items both in 
instruction and in processing. 

Three different list orders were used by randomizing both words and 
conditions. In addition, by simple interchanging, all F-items served 
in the corresponding R-word list condition and vice-versa. Thus, if two 
words were followed by a forget instruction for one S, they were followed 
by a recall signal for some other S. Likewise, the'T^P, 8F and 12P lists 
for one were UR, 8R and 12R lists for another S. This counterbalancing 
was intended to minimize item effects. List position effects were pai-- 
ticularly counterbalanced by the randomization procedures described above. 

Procedure . Subjects were run individually. Each S was read a set of in- 
structions and was shown four practice lists of nonaense syllables rep- 
resenting the experimental conditions to be encountered. After the practice 
lists, further questions about the experiment were answered, and then the 
experiment proper began. 

Each of the lists was preceded by a 3 sec. ready signal. All items 
were seen for 1 sec. as was the forget instruction. The recall signal 
was in view for 30"sec. during which time the S^ was to write down as many 
of the words to be remembered as he could. One could best characterize 
the S*s strategy by saying he was to remember all items unless otherwise 
instructed. 

After recall of the last list, there was a debriefing period lasting 
several minutes, and then Ss were either asked to recall all of the items 
Just seen or were given a recognition test including all of the items 
from the experiment plus an equal number of distractors (112). The forty- 
two Ss who received the final recall test were then given the final recog-- 
nition test. 
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All 8b received $1.00 plus 1^ for e%ch item recalled during the final 
recall period and 1^ for each correct recognition and minus 1^ for each 
false alarm during the recognition test. The Ss task on the recognition 
test was to circle any item» R or F, previously seen during the experi- 
mental session* 



Results and Discussions 



Tables 1 and 2 present the main results of the experiment. Data in 
Table 1 indicate that the forget instruction vas effective in the sense 
that R-vord recall vas little affected by the presence or number of pre- 
ceding items that were to be forgotten. Subjects recalled k3% of the 
R-items vhen no F-items preceded the to-be-remembered list. The control 
list 9 which began with a forget instruction, then 12 items to be remem- 
bered, yielded kk% recall. Since no difference exists betveen control 
list recall and 12R recall (kk% vs k3%) it vould appear that Ss are pro- 
cessing effectively all items up to the first instruction. We" feared 
that the experimental task might indirectly influence a S;'-s rehearsal 
strategy such that ^s might haphazardly rehearse the first set of items 
deciding that 30% of the time these items vould be instructed forget, 
but the last set of items always would be instructed remember or recall. 
The data indicate that our fears were unnecessary. 

Final recall data from Table 1 suggest that the effectiveness of the 
forget instruction was not limited to immediate recall. Although the 
data are variable, there appears to be no consistent effect of the number 
of prior F-items tqaou recall of the r«nember word sets. This seems para- 
doxical since Ss did recall a number of F-items finally (see Table 2). 
Thus, through output interferoice alone one might have expected some in- 
terference effects trcmt F-items. 

The set differentation notion, proposed by BJork, is consistent with 
this data, even when F-items are not forgotten, no interference results. 
If Ss can differentiate between two sets of items » then it is entirely 
consistent that one set of items can still be in memory yet not interfere 
with another set of items also in memory. 

The probability of recalling F-items Immediately (see Table 2), al- 
though low, increased with the number of forget items in the set. The 
reverse was true for R-items, where probability ranged trm 1.0 for a 
2R-item set to for a 12-item set. Final recall of R-items seemed to 
increase with set size and ranged from .10 to .2U, while F-item recall 
decreased slightly. 

The most striking aspect of the data is the comparison between final 
F-item recall and corresponding R-item recall. Consider the probability 
of recall for the 2R and UR conditions opposed to the 2F» UF conditions. 
Conservatively, a situation exists in irtilcb F-item recall is equivalent 
to R-item recall, an unusual finding in light of past studies where re- 
call for R-items has been found to be vastly si^rior to that for F-items 
(Woodward and BJork» 1971)* 
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TABLE 1 



Probability of Remember Word Recall as a Function 
of Length of Forget Word List and Tine of Recall 



Length of 
Forget Word 
List 


Time 


of Recall 




Immediate 


Final 






OF 


.hk 


.18 


2F 


.50 


,2k 


Up 


.U9 


.27 


8F 


.U2 


.l£ 


12F 


.Ul 


.18 



TABLE 2 

Probability of Recall as a Function of List Length, 
Instruction and Time of Recall 



Time of Recall 




Immediate Recedl 


Final Recall 


List Length 


Remember 


Forget* 


Remember 


Forget 


2 


1.0 


.05 


.10 


.18 


U 


.91 


.10 


.17 


.20 


8 


.59 


.08 


.16 


.16 


12 


.U5 


.08 


.2l» 


.Ik 



*These figures really represent F vord intrusionf^ since Ss vere not 
instructed to recall these items. " 



Table 3 presents final recognition data for R and F-ltems as a func- 
tion of list length. Because no consistent differences exist betveen Ss 
receiving only the final recognition test and Ss receiving the recall test 
first followed by the recognition test either in recognition rate or false 
alarm rate, the latter being .066 and .091 respectively, recognition data 
for all Ss have been combined. Subjects are more able to recognize R-items 
than F-items, but more Important than the slight difference^ betveen these 
recognition rates is the striking similarity that does exist. 

Table h presents the probability of correctly recognizing R-items as 
a function of the nmber of prior forget items. These data reinforce the 
corresponding recall data and shov that the F-lnstruction was effective in 
eliminating interference from the to-be-forgotten items. 

Finally, Figure 1 presents the probability of recall as a function of 
distance from the instruction; either forget or recall. I-l represents the 
item Just prior to the instruction, 1-2 the second item before the instruc- 
tion and so on. As one moves away from the instruction, the number of ob- 
servations per point decrease. Clearly, several different trends exist 
depending t^n the natiure of the item and the time of reciiLl. Immediate 
recall of R-ltems exhibits the usual serial position curve obtained vlth 
such tfltsks. Final recall of R-items demonstrates the now veil documented 
negative recency effect (Cralk, 1970; BJork, 197a) Immediate recall of P- 
Items Increases slightly as a function of the item to instruction Interval 
as does final recall. Final recall of F-items vas higher than immediate 
recall. 



E3q>erlment II 



A second study vas conducted to explore the unusual finding that fi-^ 
nal F-ltem recall vas in some cases superior to R-item recall. Subjects 
sav 1, 2, 3, or 1* items, then either a recall Instruction or a forget in- 
struction. The forget instruction vas alvays folloved by 12 addltioneJ. 
items to be remembered. The rationale for limiting the subset size to k 
items vas that, in the first study, the effect vas largest vlth the 2 and 
k items subsets. 



Method 



Subjects . Thirty-six students dravn from introductory psychology classes 
at Albion College volxmteered for the experiment. 

Materials and Apparatus . All Ss vieved l6 variable length vord lists. The 
vords vere of the same type used in Experiment I. After each vord list 
there vas a recall period, and after all l8 lists, a final recall period. 
The apparatus vas the same used in Experiment I. 

Design . Lists vere 1, 2, 3» or k items long. Either a recall instruction 
or a forget instxniction folloved a list. In the latter case, 12 additional 
items vere seen and folloved hy a recall signal. In addition to these 8 
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TABLE 3 

Final Recognition of R and F-IteoiB as a Function 
of List Length 





Item 


List Length 


Remember 


Forget 








2 


.566 


.51*2 


1| 


.667 


.5W 


8 


.562 


Ml 


12 


.617 


.521 



TABLE k 

Final Recognition of R-*Items as a Function of the 
Length of the Preceding F-Word List. 



Length of P-Word List 




0 


2 


k 


8 


12 


.531 


.628 


.65U 


.579 


.567 
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.00 I 1 « ■ » ' 



1*12 1-11 1-10 1-9 1-8 1-7 1-6 1-5 l-l» 1-3 1-2 i-i 

Item to Instruction Interval 

Figure 1 

Probability of Recall as a Function of Distance from the Instruction ( Forget or 
Recall), Time of Recall, Type of Item. 



lists, a ninth vas included for control purposes and consisted of 12 words 
preceded by no F-items. The list vas intended to evaluate the presence or 
absence of interference effects resulting from inclusion of F-items on 
other lists. A set of nine lists composed the first replication, the sec- 
ond nine, the second replication. 

Elaborate control and counterbalancing techniques were used to insure 
that all F-items served in the corresponding R-vord subset condition and 
vice-versa. In addition, across Ss each list type vas seen in each list 
position only once, a situation not met in Experiment I. 

Procedure . The procedure vas the same as that used in Experiment I except 
no final recognition test vas given. Furthermore, Ss were not paid in this 
experiment but tried to accumulate points. Subjects* were given one point 
for each R-word immediately recalled and penalized a point for each F-item 
recalled. Subjects earned a point for each item, either R or F, recalled 
finally. 



Results 



The results of this experiment can be seen in Tables 5-7. Once 
again the forget instruction was effective (see Tkble 5) in the sense that 
interference from the F-item on subsequent recall of an R-item set was elim- 
inated. The probability of recalling 12 R-items not preceded by any F-items 
was .W. The probability of recalling 12 R-items preceded by IF, 2F, 3F, 
or kF subsets was respectively .Ul, .1*6, .50, and .1*1. Final Recall of R- 
items was also not influenced by the number of prior F-ltems. 

Immediate recall of F-items, although low, increased with set size 
(see Table 6.) Final recall of these items was higher than immediate re- 
call with one exception, the 3F condition. Imedlate recall of R-items 
from subset sizes of 1 - U was, as expected, near perfect. Final recall 
of these same items dropped by a factor of 10, and was equal to final F- 
item recall. 

Table 7 presents the probability of recall as a function of subset 
size, instruction, time of recftll, and distance from the instruction. Dn- 
mediate and final recall of F-items increased as a function of the distance 
between the item and its instruction, as did final recall of R-items. Im- 
mediate recall of R-items ranained relatively stable over the small range 
of instruction to item distances sampled in this e3q;)eriment. 



Discussion 



Effectiveness of forget instructions measured in terms of the proba- 
bility an S will be able to recall F-items during final recall depends 
upon the processing allotted to the item. The earlier an item appears 
relative to its instruction, the more processing it is assumed to receive 
and the more likely it will be recalled. These results are consistent 
with the short-term store/rehearsal buffer notions as well as more recent 
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TABLE 5 



Probability of Remember Word Recall as a Function 
of Length of Forget Word List and Time of Recall 



Length of 
Forget Word 
List 


Time of 


Recall 




lOBedlate 


Final 






IF 


.1*1 


.10 


2F 


M 


.Ik 


3F 


.50 


.12 


kF 


.1*1 


.13 



TABLE 6 

Probability of Recall as a Function of List Length , 
Instruction and Time of Recall 



Time of Recall 


Imedlate Recall 


Final 


Recall 


List Length 


Reneoiber 


Forget* 


Reneoiber 


Forget 


1 


.986 


.Oll» 


.097 


.055 


2 


1.00 


.Ol»9 


.083 


.062 


3 


.986 


.088 


.083 


.051 


k 


.938 


.069 


.118 


.09k 



These figures really represent i^-ivordr-iiitruslonSt since Ss vere not 
instructed to recall these It^ns. * 



TABLE 7 



Probability of Recall as a Function of Item TVpe, 
Time of Recall and Distance Prom Instruction 



List Type 


Distance From Instruction 






1-3 


1-2 


I-l 


Forget 


Immediate Recall 


IF 








.Oll» 


PF 
£r 






.056 


.OU2 


jr 




.111 


.083 


.069 




.097 


.083 


.069 


.028 


AVE 


.097 


.097 


.Ok2 


.038 






Remember 










IR 








.966 


2R 






1.00 


1.00 


3R 




1.00 


.972 


.986 


1»R 


.958 


.?17 


.958 


.917 


AVE 


.958 


.958 


.977 


.972 






Forget 


Final Recall 


IF 








.056 


2F 






.083 


.Ok2 


3F 




.056 


.0U2 


.056 


Up 


.125 


.111 


.069 


.069 


AVE 


.125 


.083 


.065 


.056 






Remember 










IR 








.097 


2R 






.083 


.083 


3R 




.111 


.097 


.0U2 


UR 


.139 


.083 


.125 


.125 


AVE 


.139 


.097 


.102 


.087 



theorizing about the level of processing (Craik & Lockhart, 1972.) When 
an instruction occurs after an item then, in effect, processing stops for 
that item. Relative to other less recent items, the most recent item is 
short changed in terms of processing time. This instruction may be either 
a forget instruction or a recall signal. 

The next point to be made depends iipon the generality of these studies. 
If one can generalize to the vork reported by Bruce and Papay (1970), 
Epstein (1969) and others (ELmes, 1970) the present results show it is en- 
tirely possible to obtain no interference effects as a result of the forget 
instruction and yet still find F-items in memory. Both studies reported 
here indicated no consistent interference effects either immediately or 
finally from items to be forgotten. The absence of interference effects, 
then, cann-jt be due to the abseuce of P-items in memory. 

Finally, your attention should be directed to the apparent paradox 
presented by the data. Xn Ejqperiment I final F-item recall vas, in seme 
instances, better than fiial R-item recall. In Ebq)erlment II final P-item 
recall was essentially aqulvalent to final R-item recall. One could sug- 
gest that neither erperiment maximized the opportunity to achieve higher 
final recall of P-items than R-items. Por instance, all P-item subsets 
were followed by 12 R-items, while all R-item subsets were followed by 30 
sees, of recall. The recall periods surrounding the R-itema may somehow 
have made them tanporarily more distinct than P-items, irtiich were always 
surrounded by other items. In addition, in Experiment II, Ss saw I8 lists 
or a total of I60 words. This may have led to depressed final recall fig- 
ures, perhaps more so for P-item subsets than R-item subsets. Nevertheless, 
the fact that R-item immediate recall can be near perfect for small subsets 
and no better than final P-word recall is amazing. R-words have actually 
been seen twice, once at input and once at output. Purthermore, Ss have 
had the opportunity to reproduce them once. P-items are seen once only, 
and are only rarely recalled Immediately. Yet final recall for R and P- 
items is quite equivalent. One reasonable explanation for this effect 
would suggest that differential rehearsal accrues to items in the rehearsal 
buffer as a function of the distance between the item and the recall or for- 
get instruction. 

The fact that final P-item recall is equivalent to final R-item recall 
clearly demonstrates the negligible effects of output upon long-term memory. 
Possibly, output is beneficial to long-term memory only if the item recalled 
came from long-term manory. If the item is currently in short-term store, 
successful output does not guarantee long-term retention. In at least this 
experimental situation the recall signal was as effective a forget cue as 
the forget instruction. 



Experiment III 



Experiment I, in some instances, indicated higher final P-word recall 
than corresponding R-word recall. Experiment II did not confirm these 
findings. Experiment III wis undertaken to overcome some of the methodo- 
logical objections that could ^lecount for poorer final P-ltem recall in 
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Experiment II. Specifically, Experiment III was designed to make P-item 
subsets more equivalent to R-item subsets. In Ejcperiments I and II, R- 
item subsets were followed by 30 sees, of recall, while P-item subsets 
were followed by 12 additional R-items. It was argued that the recall 
periods surrounding R-item subsets may have made them more temporarily 
distinct than their F-word counterparts, and thus more recallable durinflc 
the final recall period. 

In this experiment, P-item sets were made more equivalent to R-item 
sets by inserting a 15 sec. period between presmitation of the last P- 
word and the first R-word. This 15 sec. period was the length of the re- 
call period which followed the last R-word and separated it from the sub- 
sequent R-word set. 

Subjects were presented two sets of words In each list. The first 
set's (List A) length varied and could be 2, 1», 8, or 12 items long. 
Next followed either a recall or a forget instruction. The second set's 
length (List B) was fixed at 12 itons and was always followed by a recall 
si^al. 

In addition to attempting to replicate the results of Experiment I 
by making R and P-item sets more similar. Experiment III should allow us 
to make a direct unconfounded comparison between the recall instruction 
and the forget instruction. The only difference between the instructions 
now is in the attenrpted recall of R-items. This cooiparison could not be 
made in either Esqperlment I or Experiment II and it leads to the following 
question: "Are the instructions equally effective in reducing interfer- 
ence on List B items?" That is, will List A items followed by a forget 
instruction be more likely to Intrude in recall of List B and thus cause 
interference, than List A items followed by a reccdl instruction? 



Method 



Subjects . Pifty-six Ss were drawn from the Ifaiversity of Michigan summer 
subject pool. They received $1.30, plus any bonuses earned for their final 
recall performance • 

Materials and Aroaratus . Each S viewed eight pairs of lists. The words 
were four-letter comnon English nouns. After the first list of each pair 
a recall or forget instruction appeared, its duration being 15 sees. 
After the second list of each pair a recall signal appeared, its duration 
was 30 sees. Each list began with a 2.0 sec. ready signal, and each item 
was seen for 2.0 sees. Words were typed on 2 by 2 slides and presented 
by a Itodak Carousel Slide Projector. 

Design . The first list in each pair varied in length and could be either 
2> ^» 8, or 12 items long. The second list in each pair was always 12 
items long and was followed hy a recall period. Either a recall instruc- 
tion or a forget signal followed the first list. Pour levels of list 
length combined with two types of instructions necessitated the use of 
eight pairs of lists. After recall of the last list of the last pair, Ss 
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vere administered a final recall test. 

Fifty-two words were randomly divided into two-word lists, two four- 
word lists » two eight-word lists, and two twelve-word lists. These lists 
were the A lists. One list of each length appeared in the first four-list 
pairs and one list of each length appeared in the second four-list pairs. 

The first list of each pair. List A, was shifted four times across 
Sb. Ais a result, the second list of each pair, or List B, was preceded 
equally often by each List A length. Accompanying each shift was a re- 
randomization of the 52 A-items. The intent of these manipulations was 
to minimize specific item effects, and to control for list position effects. 

In addition to the controls Jiist described, any List A that was a re- 
call list for one S was a forget list for another and vice versa. This 
instruction reversal times the four shifts previously described necessi- 
tated eight different groups of Sjs. Seven different Sswere run in each 
group, 56 in all* The net effect of all control procedures was to counter- 
balance agednst list position effects. 

Procedure . Subjects were run in groups of two-four. The E read a set of 
instructions describing the events to be encountered. The list pair struc- 
ture of the experiment was mentioned including a statement about the vari- 
able length of List A and the fixed length of List B. The forget signal 
was described as a dark blue slide while the recall signal was a row of 
Mterisks. Subjects were instructed that recall meant free recall. Finally, 
subjects were informed that the best strategy was to try always to remem- 
ber each word unless told specifically otherwise. Two practice lists of 
nonsense syllables were shown to the subjects. 

At the end of the experiment, E asked each subject to recall €l11 items 
from the session, R as well as F items. At this point, it was mentioned 
that each word recalled, regardless of its former instruction, would earn 
one cent for the subject. 



Results 



Table 8 presents the probability of recalling set B items as a func- 
tion of the time of recall, instruction for Set A, and Set A length. The 
data are noteworthy because of the absence of an effect either of instruc- 
tion or list length. Set B recall does not depend iQ>on either Set A size 
or whether Set A was followed by a recall instruction or a forget instruc- 
tion. Interference fr<»i Set A to Set B does not seem to increase as a 
function of Set A size, and, in addition, the recall signal following Set 
A is an effective a reducer of interference as a forget instruction. Final 
recall, although substantially lower than immediate recall, st^ports the 
above statements. 

Figiire 2 emphasizes clearly the lack of effect of Set A instruction 
yxpon the immediate or final recall of Set 6. It shows the probability of 
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TABLE 8 



Probability of Recalling Set B Items as a Function 
of Set A Length, Time of Recall and Set A Instruction 



No. of Items 
in a Set 



Inmedlate 



Final 



2 
1» 

8 

12 



Forget 

.521 
Mk 
,hh9 



R6in0iid>6r 

'.U96 
.U8U 
.U38 
.U55 



Forget 

.219 
.196 
.189 
.201 



Remember 

.216 
.170 
.16U 
.159 



TABLE 9 



Probability of Intruding a Set A Item into Set B 
Recall M a Function of Set Instruction and Set 
A Length 



Ifo. of Items 
in Set A 


Remember 


Forget 


2 


.107 


.063 


k 


.036 


.067 


8 


.0U5 


.065 


12 


.019 


.033 



-22- 



recall of Set B items as a function of serial position and Set A instruc- 
tion. Immediate recall of Set B items yielded typical serial position 
curves, with no difference occuring as a function of Set A instruction. 
Final recall of Set B items yielded the characteristic negative recency 
effect, with again no difference attributable to Set A instruction. 

Table 9 presents the probability of an intrusion of a List A item 
into List B recall as a function of the length of Set A and the instruc-* 
tion following Set A. Intrusion rates in general vere low; and except for 
the tvD-item set followed by a recall instruction, did not vary as a func- 
tion of set size. No differences existed in intrusions between items 
followed by an F-instruction or an R-instruction. These data support fur- 
ther the data reported in Table 8. That is, the intrusion rates themselves, 
a possible index of interference, do not reflect differences between R and 
F-item sets or List A length. 

Table 10 presents the probability of Set A recall as a function of 
instruction and Set A length. Immediate recall of R-items decreased as a 
function of set size. The intrusion rate for F-i terns was invariant with 
set size. Final recall of R-items decreased in some instances by a factor 
of 5, and was substantially lower than immediate recall • Pinal recall of 
F-items increased by a factor of two, but remained less than final R-item 
recall. No consistent differences occurred as a function of list length 
in final recall of R or F-items. 



Discussion 



Both Experiments II and III were undertaken to explore the unlikely 
finding that final recall of F-items was, in some instflmces, equivalent 
if not better than final recall of R-items. In a strict sense, the re- 
sults of Experiment I were not replicated. On the other hand, no set of 
eiqperiments to date has found such consistently small differences in re- 
call probability between items that were to be forgotten and items that 
were to be remembered. 

Why differences between recall of F and R-items were so small in 
final recall, yet so large in Immediate recall, needs explanation. 

One explanation would stress the fact that in these experiment mani- 
pulations to force subjects to rehearse all items equally were successful. 
Upon encountering an item, subjects did not know whether it would belong 
to an R-word set or an F-word set. He had to rehearse all items and the 
rehearsal given them was tlM kind probably given to any item in a free re- 
call task. That is, inter-item associations and other retrieval aids were 
developed. Such associations fostered by rehearsal made F-items resistant 
to forgetting, at least more so than in past studies which incorporated 
item-by--item cuing. Item-by-item eulng allowed subjects to avoid process- 
ing an item until its instruction appeared. In thes« ''3q)erlfflents subjects 
simply could not adopt that strategy and eiqpeet to per ^rm well. 
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TABLE 10 



Probability of Recalling Set A Items as a Function 
of Set A Length, Set A Instruction and Time of Recall 



No. of Items 
in Set A 


Imnedj 


Late 


Final 




Remember 


Forget 


Remember 


Forget 


2 


.991 


.063 


.188 




.131* 


1» 


.902 


.067 


.161 




.112 


8 


.611* 


.065 


.211* 




.121 


12 




.033 


.179 




.125 
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The data trota all three experiments consistently raise questions 
abotxt the generality of the list length lav (Murdock» I960. ) This lav 
asserts that probability of recaJ. vlll be Inversely related to list 
length. Hovever, subjects are as likely to recall finally Items (R or 
F- Items) from a tvelre-ltem list as they are a tvo-item list. Data sup- 
porting this statement are present in Tables 2, 6 and 10. Table 3 pres- 
ents recognition data also in support of the statement. One exception 
to the violation exists and that Is the final R-vord recall data in Table 
2. 

These experiments also suggest that a recall Instruction can be as 
effective a forget Instruction as a forget instruction. This effective- 
ness can be measured in terms of Interference effects, or a lack of the 
same vhich exist in all these e^^riments. The fact that F-item sets 
and R-*ltem sets In Experiment III did not Interfere vith their corre«^ 
sponding list B's, points to the Importance of BJork's set differentia- 
tion idea (1970), one of the processes of a tvo-process theory developed 
tp explain directed forgetting. According to BJorlp, subjects are able to 
differentiate, to form two distinct Item sets in memory, and to keep them 
distinct from each other. In immediate recall, subjects refrain from re- 
calling items troia the F-^set. In final recall, vhere no such restrictions 
are imposed upon theiv^ subjects are able, to the extent they have rehearsed 
F-ltems, to recall Items from the F-ltems set. BJork's set differentiation 
Idea Is also consistent vlth a paradox presented by the data. In these 
studies there appe'3.r8, on the one hand no interference from F-items, yet 
on the other hand F-ltems clearly exist in memory. It is intuitively 
reasonable and consistent vlth BJork^s notions to envision tvo distinct 
Bets of items in aim ^ry, encoded differently and in such a vay that vlll 
not interfere vlth the recall of the other. 
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DIRECTED PORGETTIlfG AMD DEGREE OP REHEARSAL IN FREE RECALL 



The idea that a cue to forget should he less effective the longer 
an item has been studied or rehearsed is as ccMnpelling as the idea that 
learning should be an increasing function of study time. After all, the 
longer an item has been rehearsed, the more likely it is learned, and the 
less likely it should be forgotten. In recent studies, hovever, this 
compelling notion has not been supported (Woodvard & BJork, 1971; Davis 
t Okada, 1971. ) This paper explores in some detail the limits to which 
Ss ability to forget i*ems is independent of processing tln^. 

In their first experiment Woodward and BJork manipulated directly 
the length of time R and P-items were in view. Lists were 2k items 
long, 12 items were individually cued remember and 12 items wre individ- 
ually cued forget. Items could be viewed for 1,^^, or h seconds before 
the instruction. The reason for manipulating presentation time was to 
assess whether a forget signal would become progressively less effective 
the longer a word was shown before the signal. The results indicated 
that R and F-word recall did not vary as a function of presentation time 
despite the expectation of greater recovery of F-words in final recall 
with increasing presentation time. 

Davis and Okada (1971) Introduced a one-second delay between the item 
and its instruction to increase rehearsal for all items and thus make F- 
items more difficult to forget. Subjects would have to keep items in mind 
for an extra second before they could act in accordance with the instruc- 
tion. No differences were found between recall of P and R-words followed 
by a del^ as opposed to no delay. 

From these results, it would seem that presentation time or processinf; 
time has no effect on R and F-item recall <n the context of a free recall 
paradigm. However, Woodward and BJork's (1971) manipulation of presenta- 

methodological flaw, while Davis and Okada 
U97i; simply did not sample enough delay intervals to warrant such a con- 
clusion. Subjects in the Woodward-BJork study reported that they did not 
try to do anything with a word during its presentation beyond keeping it 
in sight. If a signal occ-^ed designating the current word to be an R- 
vord, they tried to rehearse it or relate it to other R-words, otherwise 
they disregarded the item entirely. In other words, Sa were not using 
the time available to them to rehearse the current item, rather they re- 
hearsed other less recent R-words while the current item was in view. 

The present experiments attempt to overcome the paradigmatic flaws 
inherent in Woodward and BJork's (1971) study. Following the procedure 
of Davis and Okada (1971). a variable interval was introduced after every 
Item and before each instruction. This interval, or cue delay period var- 
ied from functionally 0 to 12 seconds. It was assumed that Ss would re- 
hearse the most recent item during the cue delay period. Welwpothesized 
the longer the due delay, the harder it would be for Ss to forget F-items 
and the easier it would be to remember R-items. That"is, Ss must be able 
to remember an item in order to either forget or remember it, depending 
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\xpon the item's instriiction. It should be enrphasized that during the cue 
delay period neither the item nor its instruction could be seen. From 
the S^'s viewpoint, the item had already been jpresented and, if he were to 
act upon the item in accord with the instructdon which was yet to be pres- 
ented, he would simply have to remember the item during the cue delay per- 
iod. This procedwe overcomes the main objection to Experiment I reported 
by Woodward and BJork (1971* ) In their study, Bb did not have to process 
the current item since it was in view. In this study we assumed Ss would 
find it necessary to process the current item since it was in view for 
only a short period of time. 

The more general intent of the research here is to provide cm answer 
to the question, "Can Ss intentionally forget items that have been learned 
or at least processed more than superficially?" To date, two methods 
exist for determining the effectiveness of forget instructions. (See 
BJoric In Tulving & Donaldson, 1972.) The first method assumes that if 
items are in manory, that is not forgotten, they should provide interfer- 
ence with other items that are in memory. Admittedly this is a rather 
weak measure of forgetting in that it is possible to have a set of items 
in memory, which do not interfere with some other set of items. (Woodward 
& BJork 9 1971) A second method provides a more direct measure of the abil** 
ity of Ss to forget items. At some date later than presentation of F-items 
Ss are simply asked to recall F-items (Woodward & BJork, 1971; BJork & 
Woodward, 1972.) If Ss cannot recall the F-items, then they are said to 
be forgotten. It is in this latter sense that the phrase "intentionally 
forget" is used. 



Method 



Subjects . Forty-eight Ss drawn from the University of Michigan summer 
subject pool participated in this esgperiment. They were paid $1.00, plus 
any bonuses that accrued from the payoff system employed in this experiTOnt. 

Materials and Apparatus . Every £ viewed four 36-item lists. The items 
were all common four-letter nouns. Each list began with a 3 sec. ready 
signal and ended with a 30 sec. recall instruction. Eighteen randomly se- 
lected words were followed by remember instructions, l8 words by forget 
instructions. In each third of the list 6 R-^rds and 6 P-words were 
presented. The apparatus employed was a high speed memory drum (change 
time less than .0^ sec.) The words, the cues to forget or remember and 
the instructions to recall or get ready for the next trial all appeared 
in the same window. The timing of advances of the memory drum was con- 
trolled by a high-speed paper tape reader reading a prepunched paper tape. 

Design. Lists were presented individually to the Ss. After each item «md 
before its instruction a blank interval of time occurred. This cue delay 
period was one independent variable and could assume the values of func- 
tionally £ero, 1, 2, U, 8 or 12 sees. The other Independent variables of 
interest were the item's instruction, remember or forget and the time of 
recall, immediate or final. 
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In each third of a list each instruction was paired vlth each cue 
delay once and only once. Sufficient counterbalancing made it possible 
that across all Ss every vord vas both an F-item and an R-item, and vas 
followed by every cue delay. 

Procedure . Subjects were run individually. Each S^ vas read a set of 
instructions and vas shown two practice lists of 12 nonsense syllables, 
representing the experimental conditions to be encountered. After the 
practice list further questions about the experiment were answered, and 
then the experiment began. 

Each of the lists was preceded by a 3 sec. ready signal. Items ap- 
peared for 2.3 sec, one of the six time intervids followed, and then one 
of the two instructions. The instruction was present for 1 sec. At the 
end of the list the recall signal was in view for 30 sees., during which 
time Ss tried to write down as many of the remember words as they cotild. 
Subjects receive 1^ for each R-word recalled and were penalised 1^ for 
each F-word intruded. « 

After recall of the last list, there was a debriefing period lasting 
severed minutes, and Ss were asked to recall all of the items presented 
during the experiment^, session, R«items as well as F-items. Each item 
recalled earned 1^ regardless of its previous instruction. 



Results 



The main results of the experiment can be seen in Fig. 1. There 
probability of reccdl is presented as a function of the time of recall 
test, either immediate or final; the instruction, forget or remember; and 
cue delay (each point is based on 576 observations.) Immediate recall of 
R-items decreased as a function of cue delay, final recall did not. For 
immediate and final recall of F-items, the longer the cue delay the iiigher 
the probability of recall. F-item final recall was higher than F-item im- 
mediate recall. Collapsed over cue delays the probability of recalling 
R-items and intruding F-items immediately was .J*73 and .025 relatively. 
The corresponding final recall probabilities were .269 and .059. Sub- 
jects were adept at both not recalling F-items and recalling R-items. 
These data are remarkably similar to data obtained by Woodward and BJork 
(1971) and by BJork and Woodward (1972) who used more, but shorter, word 
lists. 

Figure 2 presents immediate and final list serial position curves 
for R and F-items. List position effects are ngligible in imnediate re- 
call, strong for R-items in final recall and less strong for F-items dur- 
ing final recall. 

Figure 3 shows the probability correct for R and F-items as a function 
of serial position and time of recall. Immediate recall of R-items yields 
a bowed shape curve with more primacy than recency. Final recall of R-items 
yields the characteristic poorer recall of end items found by other investi- 
gators (Cralk, 1970; Cohen, 197D) and labelled the negative effect. Im- 
mediate and final recall of F-items did not vary in any consistent way with 
serial position. 
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Discussion 



The effects of cue delay were small for F-items and not in the ex-- 
pected direction for R--i terns. We e3g;)ected that the longer the delay of 
cue, the more rehecursal Ss would give an item and the greater the likeli- 
hood of recalling the item. It is quite clear that for R-items this is 
not the case. Immediate recall of R-it^ms is adversely affected by cue 
delay length. In factf Ss reported an unwillingness to invest rehearsal 
time in items that might later be followed by a forget instruction. In- 
stead, Ss chose to reheajrse old R-items during the cue delay period. 

These results seem to indicate that there may exist several types 
of rehearsal. One type of rehecursal, very active, involves generating 
inter-item associations, or retrieval cues to help the S later recall 
items. Another kind of rehearsal may also exist, much more akin to hold- 
ing an item, perhaps maintaining its inu ^^e. During the course of the cue 
delay period ^s probably shift from this very active rehearsal of the old 
R- items to reviewing or attending to the most recent item in order that 
it not be forgotten. The longer the delay of cue the more often S^ must 
s%iltch activities. For F-items any attention, any review, however little, 
is better than no rehearsal at all. As a result, reca].l of F-item follow- 
ing a 12 sec. cue delay is better than recall of F-items following a 0 sec. 
cue delay. In the latter case Ss know immediately th/e item is to be for- 
gotten, thus further review is obviated. For R-items minimal review Is 
simply not as good as a rehearsal activity which attempts to generate as- 
sociative connections. This type of rehearsal can begin Imaediately for 
an R-item if it is followed by a short cue delay. The longer fhe delay 
of cue the less total rehearsal time is available for the item. The re- 
sult is clear, as the cue delay period increases recall of R-items decreases. 

An additional analysis not reported in the result section was com- 
pleted. The purpose of this analysis was to determine if the cue delay 
period inmedlately following the cue delay peculiar to a given item had 
any effect upon the recall of that item. If we call the item in question 
the Nth item, and the cue delay period following the item the Nth delay 
period, then the next item is the N'fl item and the next deli^ period is 
the N-M delay period. The question we are asking is then, **I>oe8 recall of 
the Nth item depend on the N-i*l delay period?** If, in fact, Ss were not us- 
ing the Nth delay period to rehearse the Nth item, then it seemed that the 
N-M delay period would be used, providing of course that the Nth item had 
been followed by a remember instruction. The data calculated for the middle 
2k items, thus controlling for primacy and recency* indicated that recall 
decreased as a function of the Nth delay period and did not vary in any 
systematic way as a function of the N-fl delay period. In addition, no in- 
teraction existed between the Nth and the N^l delay periods. That is, R- 
items followed by a 0 sec. Nth delay period and a 12 sec. N-M delay were 
no more likely to be recalled than items followed by a 12 sec. Nth delay 
period and a 0 sec. N-M delay period. 

This analysis assumes Ss use the cue delay period to rehearse only 
a single item, an assunption that may not be warranted in a ft*ee recall 
task. It is more likely that 8s rehearse a constellation of R-items. 
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Thus, the analysis is not necessarily fatal to the interpretation pre- 
viously given to the data reported in the result section. 



E3g;)erl]Bent II 



Subjects were reluctant to rehearse the most recently presented item 
during the delay period in Esqperiment I, so E^eriment II was designed to 
exert greater control over £*8 rehearsal processes. At the presentation 
of an item, Ss were pre-cued as to vhat the nature of the instruction at 
the end of the cue delay period vas likely to be. Thus, an item was pre- 
cued as either an R-item or F--item and the actual cue at the end of the 
delay period either confirmed or did not confirm the pra-cue. Confirma- 
tion vas more likely than disconfixmation, but all four pre-cue - post -cue 
combinations were used (R-R, R-F, F-R, F-F, irtiere the first letter denotes 
the nature of the pre-cue, and the second letter denotes the post-cue.) 

Subjects vere told the system of pre-cues shoiild help them decide 
what to do with the item before the actual cue for that item appeared. 
They vere also informed of the probabilistic natixre of the pre-cues, but 
were urged to accept the pre-cue at face value and act accordingly, in 
spite of the infrequent cases when pre-cxies and post-cues vould be incon- 
sistent. In addition to the type of item, the other independent variable 
vas the delay of cue and in this experiment the values could be 0, It 
and 12 sees. 

This experiment raises the question about the extent to vhich an £*s 
rehearsal can be controlled. Will pre-cuing be effective? Will Ss ac- 
cept the pre-cues at face value? Is it possible to experimentally control 
and direct vhat Ss rehearse by the use of pre-cues? These are questions 
vfalch can be askTd and answered by £3gE>eriment II. 

We expected the following if Ss vere to accept the nature of the pre- 
ciies: (l) Recall of R-B items vould be positively related to cue delay. 
These are items S is told vlll be R-items and, in fact, are, thus S should 
begin to rehears? them immediately. The longer the delay of cue, the more 
rehearsal should occur and the higher recall should be. (2) Recall of F-F 
items vould not vary as a function of cue delay. These items S thinks be 
must forget and, in fact, he does, thus he should not atteinpt any rehearsal 
of them and cue delay vlll have no effect. (3) Reccdl of R-F items woiild 
be positively related to the cue delay period. These itema^ betiause of 
the pre-cue, S will think should be remembered. He will reheerse them only 
to find that they are actually to be forgot sn. The longer the delay of 
cue, the more rehearsal the item ishould receive and the harder it should 
be for S to for^t the item, (h) Recall of F-R items vould be negatively 
related to the ciae delay period. These items £ expects should be foi^otten. 
He vlll not rehearse them but then vlll discover they are to be remembered. 
The longer the delay of cue the more likely they will be forgotten and thus 
recall will decrease as a function of the Interval. On the other hand, if 
Ss were unwilling to use the pre-cues, recall of F«-R items would approxi- 
mate recall of R-R items and recall of R-F items would approximate recall 
of F-F items. That Is, Ss would not behave recording to the pre-cuas* 
Only the cue Itself would direct rehearsal and have any salience to the S. 



Ifethod 



Subjects , Forty-eight Ss vere drawn from the summer subject pool at the 
University of Michigan. They received $1.00 and any bonuses accruing 
from the payoff system used in the experiment. 

Materials and Apparatus . Each S viewed four 36 item lists. The words 
were drawn from the same pool as those in Esqperiment I. The apparatus, 
• the duration of the ready and recall signals, the number of R and F Items 
per list, and the payoff system were identical to those used in Ejqperi* 
ment I. 

Design . Lists were presented item by item to the S^. After each item and 
before it's instruction a variable blank interval of time occurred. This 
cue delay period could assume the values of 0, 1, U, or 12 sees. 

Each item was either highlighted in yellow or not and was followed 
by a red or green dot. The presence or absence of the highlight served 
as the pre-cue, the green or red dot, the actual cue. The highlight in- 
dicated the item would be followed, in all probability, by a green dot. 
Depending upon the S, the green dot coiald mean remember the item, while 
the red dot could mean forget the item. 

In eeu;h 12-word segment (one-third) of a list, six items were high- 
lighted and six were not. Four of the six highlighted words were followed 
by a green dot vhile four of the non-highlighted words were followed by a 
red dot. Red dots followed the two remaining highlighted words and green 
dots the remaining two non-highlighted words. Every 12 items then, con- 
tained six items that were to-be-remembered and six that were to-be-forgotten. 
Eight of these 12 items had cues consistent with pre-cues, four did not. 
Across all k6 Ss ea^h item served in each pre-cue and cue condition and at 
each of the four cue-delay conditions. In addition, serial position effects ' 
within a list were controlled across Ss. Four different timing tapes, 
three list tapes and a simple reversal of the meaning of the red and green 
dot were required to accom^aish these controls. 



Resialts 



Figure k presents the main results of Experiment II. Both imnedlate 
and final recall of F-F and R«-F items increased as a function of cue delay. 
Final recall probabilities were higher than Imedlate recall probabilities 
for these items. R-F Items iamiedlately and finally were consistently more 
likely to be recalled than F«>F items, but In absolute tens the differ- 
ences between these items were quite small. Across cue delay the probabil- 
ity of recalling R»F Items Immediately and finally was .053 and .08U re* 
spectively. The corresponding recall probabilities for F-F items were 
.018 and .052. The F-F items behaved very much like the F-items in Exper«> 
iment I. L&medlate recall of R-R and F-R Items decreased with the I-I 
Interval. Final recall of these same items was not systematically related 
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Serial Position 
Figure 6 

Proportion Correct as a Function of Serial Position^ 
Instruction and Cue and Time of Recall. 

(Kxperiment IX) 
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to the Interval duration. Collapsed across cue delay, tne probability 
of recalling R-R items immediately vas .1*72 and, finally, .257. The 
corresponding recall probabilities for F-R items were .kkj and .21*1. 

R-R and F-R items were equally likely to be recalled immediately 
and finally. The pre-cue seems to have been ineffective. Both immediate 
and final recall probabilities of F-R and R-R items were very similar to 
the recall probabilities reported for R-items in Experiment I. 

The most striking Mpect of both Fig. 1 and Pig. k were the very 
small effects the cue delay period had upon recall relative to a 1 sec. 
instruction or cue period. Past research has demonstrated sizable ef- 
fects ftrom retention intervals ranging from 0 to 12 sees. (Peterson & 
Peterson, 1958) or from rehearsed periods of the same range (Hellyer, 
1962.) The effects shown in these experiments, as a funcltion of the gcue 
delay period, which can be considered either a retention interval or a 
rehearsal period, are mlniscule compared to these other studies. What 
is not mlniscule is the effect of the fined cue; forget or remember that 
item. 

Figure 5 presents immediate and final list serial position curves 
for R-R, F-R, R-F and F-F items. List position effects were negligible 
in immediate recall, regardless of item type. For items cued remember, 
list position effects were sizable in final recall, with little differ- 
ence attributed to the pre-cues. A hint of a list position effect exists 
for items cued forget. 

List position effects such as these, for fined recall of R-items 
have been found in a nimiber of experiments (Woodward and BJork, 1971; 
BJork and Woodward, 1972) besides Experiment I in this paper. These ef- 
fects point to the necessity of appropriate counterbalancing in any situ- 
ation where one's independent variables might be confounded with list 
position and where a final recall test is given. 

Figure 6 shows the probability of recall for the various item types 
as a function of time of receOl and serial position. Iranediate recall of 
items cued remember yielded a bowed cmrve, with slightly more primacy than 
recency. The most striking aspect of the data, however, is the similarity 
between R-R and F-R items over serial positions. Pinal recall of these 
same items, although' they exhibit the negative recency effect, are edso 
similar. 

Immediate and final recall of R-F and F-F items shows little vari- 
ation as a function of serial position. R-p items do maintain a slight 
supremacy over F-F items, and this supremacy is fairly consistent over 
serial positions. 

Both Fig. 5 and 6 si^yport the notion that at least for items cued 
remember, the pre-cues were not effective. It makes little difference 
how one looks at R-item recall, across lists or across serial positions, 
there is simply no difference between F-R and R-R items, nor do any inter- 
actions exist with these other variables. In addition. Fig. 5 and 6 in- 
dicate that the slight differences that do exist between F-P and R-P items 
are maintained across lists and serial positions. 



In terms of the initial questions raised by E3q)eriment II, it is 
not unreasonable to conclude that a S^*8 rehearsal processes are controUcrd 
more effectively by cues than pre-cues. The pre-cues were not effective, 
they exerted little control over S^*s rehearsal processes, Ss did not ac- 
cept them. 

Subjects reported that initially they used the system of pre-cues 
but, since the inconsistencies between the pre-cxaes and cues were numerous 
and apparent, they soon came to mistrust the pre-cues. As a result, Ss 
were reluctant to use the cue delay period for anything more than i Aearsal 
of old R-items, momentary shifts between rehearsing old items, and re- 
viewing or temporarily maintaining the most recent item in the short-term, 
store or rehearsal buffer can explain the fact that F-item recall increased 
as a function of the cue delay period. R-F items received more of this ad- 
ditional processing than F-F items since initially Ss thoiaght them more 
like3y to be R than F-items. 



Discussion 



The results of both experiments clearly indicated that item duration 
per se, (item duration is being defined as the time the item is in view 
plus the cue delay), is not as crucial to retention as lAat happens while 
the item is being presented. If Ss are unwilling to try to develop inter- 
item cuBSociations, or other types"of retrieval cues, no matter how long 
the item is in view and no matter how long it is until the next item is 
presented, the S^ sliqply will not remember the item. 

The present experiments strongly implicate the role of control pro- 
cesses (Atkinson & Shlffrin, 1968) in memory research. It is quite ap- 
parent that Ss are able to make decisions based upon the E*s instructions 
and upon the task. These decisions are decisions about an item's impor^ 
tance or priority and. In fact, determine to what extent and how the item 
will be processed. In Experiment 1 Ss refused to use the cue delay period 
for rehearsal of the most recent item, choosing rather to rehearse old R- 
items, items that they knew were now worth being recalled. In Experiment 
II, SB chose not to accept the system of pre-cues. 

Related to the notion of control processes are various types of re- 
hearsal Ss may or may not use. In these ej^riments one can distinguish 
between two types of processing. One type, is a sort of holding process. 
The S holds the item in memory, not rehearsing it much, perhaps occasion- 
ally reviewing it, strengthening the item if it grows too weak. It is 
this type of processing that appears to be used for the most recent item 
during the cue delay period. Another more coinplete type of processing oc- 
curs for old R-items during the cue delay period and involves developing 
inter-item associations among other things, which will benefit later re- 
trieval. 

Relative to the initial goals of this research, one question remains 
unanswered. We still do not know lather Ss can intentionally forget items 
that have been processed more than siQ>erfieially. The fact that cue delay 



manipulations were partiaUjf^^ffective in making F-items resistent to 
forgetting would seem to indicate that Ss will not be able to forget 
items that have been processed as ably as they can forget items that 
have not* 



Experiment III 



Experiment III was designed to investigate the effects of cue delay 
in a more effective fashion. It seemed that if we were concerned about 
what the Ss were doing during the delay interval with the most recent item, 
we could at least injure its retention over the interval by requiring Ss 
to recall the item. During the experiment Ss were presented lists of 
words. Each word was folloved by a delay period which varied from 0 sec. 
to 12 sees. Following the delay, was a presentation test in which Ss re- 
called the most recent item. After the test, the item's instruction ap- 
peared, then the cycle was repeated. Immediate recall tests occxarred 
after each list and a final recall test occurred at the end of the experi- 
ment, and then a final recognition test was administered. Subjects tried 
to recall remember words (R-words) and not F-words during Immediate recall 
tests, and tried to recall all words dtiring the final recall test. 

This experiment then eAtexapta to dnVtes$igate the avallibility and 
accessibility of items (F-items and R-items) in a list prior to the item** 
instruction. It raises the following questions: In what way does the de- 
lay intervid affect immediate retention of R-items and the ability of Ss 
to forget F-items7 How does the delay interval affect later recall and 
recognition of €lL1 items? These questions are similar to the ones asked 
by Experiments I and II, but whose answers were contaminated by the fact 
that no guarantee existed that Ss had retained any items over the delay 
intervals. Here, such a guarantee exists since Ss must recall each item 
after the delay interval. 



Method 



Subjects. Twelve Ss, six males and six females, were drawn from the 
Itoiversity of Michigan suraner subject pool, and participated in this exper- 
iment. They were paid $1.00 plus any bonuses that resulted from the pay- 
off system used in this experiment. 

Materials and Appartus . Every S viewed four 36-item lists. The Items 
were all common four-letter nouns. Each list began with a 3 sec. ready 
signal and ended with a 30 see. recall instruction. Items were in view 
for 1 sec, as was the instruction. The presentation test that occurred 
for each item after the delay interval and before the instruction was 
signaUed by four 7777, and was limited In duration to 1.5 sec. Eighteen 
randcMnly selected words were followed 'by remember instructions and l8 
words by forget instructions. In each third of the list, six R-words and 
six F*words appeared. The apparatus employed was a high-speed memory 
drum (change time less than .0? seconds.) The words, the cues to forget 
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or remember and the instructions to recall or get ready for the next 
trial all appeared in the same window. . The timing of advances of the 
memory drum was controlled by a high-speed paper tape reader reading a 
prepunched paper tape. 

Desi^. Subjects viewed lists item by item. After each item and before 
the test on that item, a blank interval of time occurred. This cue delay 
period was one independent variable and could be 0 sees. (50 mesc), k 
sees., or 12 sees, in duration. Following the cue delay was a recall 
test on that item, and then the item's instruction. The other independent 
variables include the item's instruction and time and type of retention 
test, immediate recall, final recall, and final recognition. Appropriate 
counterbalancing was incorporated into the design and insured that across 
Ss all items were followed by each type of instruction in combination with 
each delay interval. In addition, within a list every six items contained 
three R-words and three F-words at^each of the three delay intervals. The 
final recognition test wais con5K>sed of ikk old items and Ikk new four- 
letter noun distractors. 

Procedure . Subjects were run individually. In addition to the foxir ex- 
perimental lists, one practice list of 12 nonsense syllables was presented 
to the Ss. The instructions stressed that words followed by remember in- 
structions should be remembered for the recall test following list presen- 
tation, and that each word shoidd be "held" for the duration of the delay 
interval so that Ss might be able to say it aloud when the presentation 
test occurred. 

At the end of each list a recall signal was in view for 30 sees., dur- 
ing which time Ss tried to write down as many of the remember words as 
they could. Subjects received $1.00 for each R-word recalled and were 
penalized 1^ for each F-word intruded. At the conclusion of the experi- 
ment, Ss were asked to recall all of the items presented during the ex- 
perimental session, R-items and F-items. Each that was recalled earned 
1^. After the final recall test, Ss were administered a final recognition 
test, the task being to circle items seen during the experiment. Subjects 
earned 1^ for each old item recognized but were penalized 1^ for labeling 
new items old 

Results. The probability of recalling items on the presentation test de- 
creased from .99 at the 0 sec. delay interval to .96 at the h sec. delay, 
and .87 at the 12 sec. delay. There were no significant differences in 
recallability on this test between items later labeled forget and items 
labeled remember. All subsequent data to be presented were conditional- 
ized iipon correct recall on the presentation test. 

Table 1 presents immediate and final recall probabilities for R and F- 
items as well as final recognition data, as a function of the delay inter- 
val. Immediate recall of R and F-items does not vary as a function of 
the delay interval. Subjects recalled about kO% of the R-items and intruded 
5% of the F-items. Final recall data indicatea ome positive effects of 
the delay, but these were not large. 



TABLE 1 



Probability of Immediate Recall » Final Recall and Final Recognition as a 
Function of Item Type and Delay Interval, Condi tionali zed upon Recall on 
the Presentation Test. (Each point is based upon 286 observations.) 





Delay Interval 




0 Sec. 


k Sec. 


12 Sec. 




Immediate Recall 


Remember 


.39 


.hi 


.39 


Forget 


.06 


.05 


.OU 




Final Recall 


Remember 


.25 


.31 


.30 


Forget 


.09 


.10 


.ll» 




Final Recognition 


Remember 


.66 


.76 


.80 


Forget 


.1*8 


.59 


.66 
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Pinal recognition data, shove dramatic effects of the delay interval 
for R-words as well as F-words. The probability of a correct recognition 
increased by 13% from the 0 sec. delay interval to the 12.0 sec. delay 
interval for both R and F-items. 



Discussion 



The data pose a pcuradox. Recall, either immediate or final, of R or 
F-items was affected only slightly by the delay interval, but recognition 
showed dramatic effects as a function of the delay interval. One expla- 
nation would delineate two types of rehearsal activity. One activity, 
the one that Ss use during the delay interval is a review in the literal 
sense. The S keeps the item "alive", not by active rehearsal so much as 
by reconstructing the imaige perhaps, or covertly recalling the item in 
isolation from other items. It may be easier to decide what the Is not 
doing, he is not actively rehearsing the item, and he is not developing 
inter-item associations or retrieval cues. To some extent, this "review" 
or passive rehearsed process is not effective in that the presentation 
test does not yield perfect recall. When receives the instruction for 
the item, and when the instruction is remember, he rehearses the item in 
earnest. This rehearsal is active, and is characterized by an atteii5)t to 
develop associations, or other such retrieval cues. Recall, either immed- 
iate or final, depends \xpon this kind of rehearsal. Thus, recall is little 
affected 1^ the length the delay interval. Recognition is not as de- 
pendent upon this active rehearsal as is recall. In fact, the passive 
type of rehearsal described earlier seems to have dramatic effect \xpon 
correct recognition. The longer the delay interval, the more opportunity 
for such passive rehearsal, and the higher is recognition. The fact that 
R-word recognition is higher than F-word recognition indicates that recog- 
nition does depend in part \xpon active rehearsal too. 



Pinal recognition data, shows dramatic effects of the delay interval 
for R--vords as well as F-words. The probability of a correct recognition 
increased by 13% from the 0 sec. delay intearval to the 12.0 sec. delay 
interval for both R and F-items. 



Discussion 



The data pose a paradox. Recall, either immediate or final, of R or 
F-items was affected only slightly by the delay interval, but recognition 
showed dramatic effects as a function of the delay interval. One expla- 
nation woxad delineate two types of rehearsal activity. One activity, 
the one that Ss use during the delay interval is a review in the literal 
sense. The S keeps the item "alive", not by active rehearsal so much as 
by reconstructing the image perhaps, or covertly recalling the item in 
isolation ftrom other items. It may be easier to decide \rtiat the £ is not 
doing, he is not actively rehearsing the item, and he is not developing 
inter-item eussociations or retrieval cues. To some extent, this "review" 
or passive rehearsal process is not effective in that the presentation 
test does not yield perfect recall. When S receives the instruction for 
the item, and when the instruction is remember, he rehearses the item in 
earnest. This rehearsal is active, and is characterized by an attempt to 
develop associations, or other such retrieval cues. Recall, either immed- 
iate or final, depends upon this kind of rehearsal. Thus, recall is little 
affected by the length wf the delay interval. Recognition is not as de- 
pendent \xpon this active rehearsal as is recall. In fact, the passive 
type of rehearsal described earlier seems to have dramatic effect yxpon 
correct recognition. The longer the delay interval, the more opportunity 
for such passive rehearsal, and the higher is recognition. The fact that 
R-word recognition is higher than F-^rd recognition indicates that recog- 
nition does depend in paart upon active rehecursal too. 



THE EFFECT OF IMPLICIT AND EXPLICIT INSTRUCTIONS 



TO FORGET IN A DIRECTED FORGETTING PARADIGM 

I 



The ability of Ss to differentiate between items which are to be re- 
membered and items which are to be forgotten has merited a significant 
amount of research (Woodward & BJork, 1971; Epstein, 1969, 1971; Elmes, 
1969.) Various experimental designs have incorporated either implicit 
(Epstein, 1969, 1971) or explicit (Woodward & BJork, 1971; DAvis & Okada, 
1971) instructions to forget in order to investigate directed forgetting 
in memory. Implicit forget instructions typically ask Ss to exclude some 
portion of the input at the time of recall from output TEpstein, 1969.) 
Usually, Ss are not asked to recall those excluded items, thus the im- 
plicit forget label. 

Explicit forget instructions are most often incorporated in experiments 
using item-by-item cuing. Subjects are presented list items, with each 
item being followed by either an instruction to remember or an instruction 
to forget. A final recall test is used to determine the effectiveness of 
the forget instruction. 

Both kinds of experiments have been labeled instances of intentional 
forgetting or directed forgetting. Presumably a search for the mechanisms 
underlying forgetting as a result of implicit forget instructions would 
also explain forgetting as a result of eacplicit forget instructions. It 
is the contention of this author, however, that the basic phenomena result- 
ing from implicit or es^licit forget instructions ere markedly different, 
and although each paradigm may tell tis something about the memory process, 
neither tells us much about the other. 

The present study brings together within a single e^:,^rlment both im.- 
plidt and explicit forget instructions. The focus will be on the fate 
of those items instructed forget, at immediate recall, at final recall, 
and at final recognition. 

Within each of six lists there will be three classes of items; items 
followed directly by a forget instruction, and two remaining sets of items 
followed by remember instructions but functionally separate. Each list 
will be followed by one of six recall instructions. If one set of R-items 
is labeled A, the other B, then the recall instructions include - recall 
on3y A, recall only B, recall A then B, recall B then A, free recall A and 
3, and finally, after one list, Ss will be asked to recall all the items, 
even those followed by eaqplicit forget instructions. At the conclusion 
of the experiment a final recall test will be administered, followed by a 
final recognition test. 

The data of interest then will be the probability of recalling immed- 
iately and finally the explicit F~items in comparison with B-items in the 
recall only A condition, A-items in the recall only B condition, explicit 
P-items and A and B items in the recall all condition, and irtxether an only 
effect is established. Tte only effect refers to the superiority of only 
A or only B over the A recall of A then B, or the B recall of B then A. 



Method 



Subjects , The Ss were 60 undergraduate students at Albion College. 
They participated in order to fulfill introductory course requirements. 

I4aterials and Apparatus . The Ss were presented with six 2U-item word 
lists. All items were four-letter nouns. Words, cues to remember and 
forget and recfldl instructions were presented on a high-speed memory drum 
(change time less than .05 seconds) operated by a pre-programmed paper 
tape irfiich determined the length of item presentation and recall time. 

Resign* All Ss saw the same lists of items. Each list was followed by 
a different output instruction. The six instruction conditions were re- 
call only A, recall only B, recall A and B, recall A then B, recall B 
then A, and a special list after which Ss were to recall all items, A- 
iteras, B-items and F-items. 

Item sets were designated by three different colors. Each word was 
followed by either a red, black or blue dot. Hence, there were two sets 
of remember items and one set of forget items differentiated by color. 
Each S was initially instructed that two colors designated remember items 
and one color designated forget items. 

Ctounterbadancing techniques were employed so that, across Ss, each 
item served in each of the three conditions. Also, across Ss, each output 
instruction occurred at each list position with the exception of the re- 
call all list. This condition was always paired with the third list. Each 
list began with a three sec. ready signal and ended with a 30 sec. recall 
period. Each item was shown for 3.3 sees, and each instruction for 1.0 
sees. 

Procedure . Subjects were run individually and in the ini^ ial set of in- 
structions they were told that they would see lists of words and that each 
word would be followed by a colored dot which designated whether the item 
was to be remembered or forgotten. They were informed that following each 
list there would be one ot six possible recall instructions and that it 
would be their best strategy to try to remember R-items and to forget F- 
items and not to try to anticipate when the special free recall list would 
occur, a procediure successfully esrployed by Reitman, et al (1971) and 
BJork and Woodward (1972.) Ejcplicit forget instructions existed at the 
onset of the eaqperiment when Ss were told which of the three colors desig- 
nated •^orget items. Implicit forget instructions existed for A items in 
the "only B" condition and for B items in the "only A" condition. 

The Ss were given three practice lists, each consisting of 12 two-digit 
numbers in order to familiarize them with the procedure. After all of the 
experimental lists had been presented, Ss were given a final recall test of 
both P and F-ltems for as much tim(» as they needed. Following final recall, 
they were then given a final recognition test consisting of the original 
items and ihk dlstractors. 



Restilts 



Table 1 presents the probability of recall immediately and finally, 
as veil as the probability of final recognition as a function of item type 
and recall instruction. Recall of esq^licit F-vords is consistently lover 
than implicit F-vords. The probability of intruding F-i terns immediately 
in the "only A" condition vas .OkO vhile the probability of intruding B- 
items, items that vere not to be recalled either , vas •119« In the "only 
B** condition explicit F-items vere intruded vith a probability of .031, 
vhile A-items vere intruded vith probability .IIT^ When Ss vere asked to 
free recall all items trom the list, F-items vere recalled vith a proba- 
bility of .081, vhile A-ltems and B-items vere recalled vith probabilities 
of .272 and •2^1» respectively. To summarize the immediate recall figures, 
ve can say that/explicit F-item recall remains invariant over recall In- 
structlon» A-item and B-item recall does not. In the "only" conditions, 

Ss recall less of the excluded items. 

J* 

Data for final recall and final recognition reinforces the notion of 
implicit F-item superiority (B-i terns from "only A", or A-it«as from "only 
B") over explicit F-items. When Ss are asked to recall all items from the 
experiment, they still do not recall many e^licit F-items, although ex- 
plicit F-item recall does increase slightly from immediate to final recall. 
This increase is entirely consistent vith past studies using the fined re- 
call procedxare (Woodvard & BJork, 1971* ) B-items from the "only A" condi- 
tion and A-items from the "only B" condition are recalled finally aboizt 
as veil as they vere Immediately. 

i Final recognition data also indicates large differences betveen ex- 

:vplicit F-items and implicit F-items. iB^licit F-items have a much higher 
probability of being recognized^ Just as they had a much lligher probability 
of being recalled. Final recall data, as veil as final recognition data, 
are notevorthy not in the small differences that occur for a given item 
type as a function of the recall instruction, but the uniformity for a given 
item type across the various recall instructions. F-items clearly differ 
trcm A-items or B-i terns, but they do not differ as a function of recall in- 
struction. Nor do A-items or B-i terns differ as a fun'^ion of recall in- 
struction, or ffom each other for that matter. 

The data are not suggestive of an only effect. Epstein's (1969) only 
effect is defined as siQ)erior recall of the only condition conspBxed vith 
the appropriate both condition. Thus, recall of A«-items in the "only A" 
condition is .2lf2, and in the A then B condition .271. Recall of B-items 
in the "only B*' condition is .327 and In the B then A condition it is .263. 

Finally, it should be noted that the data reported for the A then B 
condition and the B then A condition do not take into accotmt order of re- 
call. Although Ss vere asked to recall (in accordance vith the instruction) 
A-items first foUoved by B-items, or vice-versa, recall of all items vas 
scored. Taking order into account, the probability of recalling A-*items 
and B-items is .183 and .21k respectively in the A then B condition, and 
•210 and .19k in the B then A condition. There is some indication then 
that Ss had problems differentiating betveen A and B items. 
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TABLE 1 



Prol-ablllty of Immediate Recall, Pinal Recall and Pinal Recognition as a 
Function of Recall Instruction and Item Type. (Each point Is based on 
450 Observations.) 



Immediate Recall 














Instruction 


JForeet 


A-Items 






only A 


.OUO 


.292 


p-J-^ens 

.119» 




only B 


.031 


.117 


.327 




A and B 


.038 


.271 


.302 




A then B 


.039 


.2U7 






B then A 


.033 


.300 


.^83 




Free Recall All 


.081 


.275 








Final Recall 






Recall 










Instruction 


Formt 


A-Items 


Br Items 




only A 


.0U8 


.121 


.223 




only B 


.031 


.123 


.158 




A and B 


.051 


.135 


.125 




A then B 


.065 


.Ikk 






B then A 


.0U2 


.187 


.131 




Free Recall All 


.060 


.100 


.087 






Pinal Recognition 






Recall 










Instruction 


Fori^et 


A-Items 


B-Items 




only A 


.275 


.1*35 


.1*19 




only B 


.252 


.369 


.U27 




A and B 


.275 


M6 


.ko6 




A then B 


.267 


MB 


.k29 




B then A 


.2U8 


.U37 


.hyr 




Free Recall All 


.271 


.391 


.387 





• These figures represent intrusions since Ss vere instructed not to 
recall the items in question. " 
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Discussion 



«.t^S! f*? 5f *^*L* y^*^** * significant only effect In 

nSfiS ^?S5n ? f^rislng and Is consistent with Epstein's research 
(1969. 1970.) Epstein found that the only effect appears only when the 

nUcir??L° 5""<^lo«»lly separate. The Interspersing of im- 

plicit items in this study through the use of the individual cuing tech- 

^iJ'^^/r * °^ functional autonomy of each group of items 

and. subse(iuently. a! loss of the only effect. 

The initial recall data indicate that Ss had veiy little difficulty 
separating implicit from explicit instructions, but that making a similar 
discrimination within the implicit dimension (between A items and B items) 
was' considerably more difficult, although not impossible. Furthermore, 
final recall data indicate that the effect of the explicit instruction 

^B.t lT rlZ^Til^ instruction was short term. 

• ^f?^ °f explicit P-words is exceedingly low both initially and 
finally, while a low probability of recall of iB5)licit items initially 
li*!*;/ °y Tu**^! °' ^I**^ A" condition and a low recall 

?in^ ^^i? condition) does not reflect a similar trend in 

The data strongly support the notion that explicit P-ltems are dlf- 

~J^;Lfr"° ^ ^11<=" are recalled rarely, im- 

mediately or finally, and do not depend upon the recall instruction. 

F^Ttiml r !r*T higher probability than explicit 

P-items. iffliedlately and finally, and are also more likely to be recog- 
nized as old items. In addition, even when Ss are asked immediately to 
recall explicitly labeled F-items. they are not successful. 

r^^--?"! ?l''erence. and a crucial one between explicit and implicit 

°' instruction. Tn this experSent 
l^lJ A 'j^8^/°«*ructionB followed the items iimnediately. Thriaplicit 
5?!!/'"'^"**^^°'' ""^ ""^il *he time of output and was faTless 

:»li1ir '° "forgetting.- When'the insSJctJSn L 

«Si ^ - further processing of the item. If the item is not 

Ir^Z/ * Hilnlmally. it is not likely to be recalled or in- 

? ? " recognized. Items later followed by Ingjlicit 

forget instructions are processed by the Ss in the same way no doubt as 

toX ^V^*^ y^^^ *° in an attempt to confom 

task requirements, exclude the implicit P-items from recall, or at- 
teii5>ts to. but this exclusion In no way affects later recall or recognition. 

«olnt^«*'°r^'**i?S: experiment and the results reported in this paper 
point to clear differences both in recall and recognition between itenT 
iff^f? T ffPii<=itly told to forget, as opposed to items that are im- 
plicitly to be forgotten. Put another way. there are vast p^adigm dif- 
ferences among studies that fall under the label of Intent Aal of 
SffeMncer^*"""* Investigators should be sensitive to such 
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